Abstract Abnormal uterine bleeding is one of the most common problems in women of reproductive age, and dysfunctional uterine bleeding (DUB) accounts for about half the cases. The aim of this review is to present all treatment options for women suffering from DUB and to evaluate their effectiveness. A detailed search strategy on electronic databases was carried out to identify trials and reviews on management of abnormal uterine bleeding. Tranexamic acid is the most effective medical treatment. A levonorgestrel-releasing intrauterine device is a low-cost, simple, and effective medical method, comparable to hysterectomy in terms of quality of life. In cases of DUB resistant to medical treatment, surgical treatment should be offered. First-generation ablation techniques are effective, but have a long learning curve. Second-generation ablation devices are highly effective and safe alternatives, thoroughly compared to first-generation techniques. Hysterectomy is the only method that guarantees treatment of dysfunctional uterine bleeding, but is a major operation associated with higher morbidity and mortality rates. Proper counseling of each woman with DUB regarding all treatment modalities can provide the best choice for each patient. More prospective randomized trials are needed to establish the effectiveness of these methods
Background
Abnormal uterine bleeding (AUB) is one of the most common problems in women of reproductive age, with a prevalence of more than 5% in this age group [1] . Women who seek for help from their gynecologists complain of cyclical (menorrhagia) or irregular noncyclic bleeding (metrorrhagia) that may have physical, emotional, and social impacts in their life. It is estimated that AUB affects 10-30% of menstruating women at any time [2] , and about 20% of referrals of women to their gynecologists are due to menstrual disorders [3] .
Menorrhagia is defined as excessive menstrual loss more than 80 ml per cycle in a cyclical pattern over consecutive cycles [4] . The duration of abnormal menstruation also varies greatly with an average of 7 days, and the heaviest blood loss on the first 2 days. However, an accurate measurement is quite difficult, and studies have shown that up to 60% of women presenting with a complaint of dysfunctional uterine bleeding (DUB), have objectively measured blood loss above the normal range [5, 6] , while conversely there is a proportion of women with definite measured excessive blood loss who paradoxically do not seek for help [7] .
In clinical studies, objective methods should be used to estimate the menstrual blood loss. However, in clinical practice the discomfort of the patient and the assessment of the hematological status are the basis for considering an appropriate treatment. Since subjective and objective estimates of menstrual loss do not correlate well, the severity of bleeding must be quantified. The gold standard method of measuring blood loss is Hallberg's alkaline hematin technique [8] . Tampons and towels are collected. Hemoglobin is extracted by a 5% NaOH solution and related back to actual blood loss. Although this method has been modified by other researchers to simplify and quicken the procedure [9] , all versions require women to collect their used sanitary wear. In order to create a simpler method of estimation of blood loss, Higham [10] developed a semiquantitative measurement using a pictorial blood loss assessment chart. This chart consists of a simple scoring system of the used pads and tampons and the degree of staining of each item in a way that results in a score. According to Higham, a score above 100 correlates with menstrual loss of more than 80 ml, while Janssen [11] slightly modified the chart and recommended a cutoff score of 185 for menorrhagia. Although the technique is semiquantitative and there is poor correlation between actual loss and chart score [12] , Higham's pictorial chart flow is nowadays the most widely used method of assessing menstrual blood loss, although efforts are done from time to time to make the chart more accurate [13] .
AUB may be due to anatomical, endocrine, hematological, and iatrogenic factors, though there are cases without any obvious pathology. The latter is usually referred under the name of DUB. It is a diagnosis of exclusion, wrongly used synonymously from time to time as menorrhagia. Dysfunctional uterine bleeding accounts for about half the cases of excessive menstrual loss [14] . It is recommended that women with AUB should be examined in total by ultrasound scan, or preferably hysteroscopy and blood tests (platelets, coagulation parameters), in order to exclude causes of bleeding that can be treated successfully [15, 16] .
Methods and findings
The aim of this review is to present the treatment options and the data on their clinical outcomes for women suffering from DUB.
Medical treatment for dysfunctional uterine bleeding
Medical treatment options for DUB include tranexamic acid, nonsteroidal anti-inflammatory drugs (NSAIDs), combined oral contraception pill, progestogen, danazol and gonadotropin-releasing hormone analogues (GnRH-a). The effectiveness of the reported medical therapy for DUB has been evaluated and reviewed in systematic reviews in the Cochrane Library.
Tranexamic acid
Antifibrinolytic tranexamic acid has proven to be more effective than placebo, NSAIDs, progestogen in the luteal phase of menstrual cycle, or ethamsylate when subscribed to women with DUB, without any serious adverse effects [17] . A reduction in menstrual flow by 34-59% has been reported by Wellington and Wagstaff [18] , which is quite impressive. However, this drug is mainly indicated for acute or short-term use and not as a definite treatment for DUB.
The main problem with the administration of tranexamic acid for the treatment of DUB is the potential risk of thromboembolic disease due to its antifibrinolytic effect. Although this is always an issue, especially in cases of severe anemia, it seems that the risk does not reach a statistical significance [19] .
Nonsteroidal anti-inflammatory drugs
Prostaglandins are found in high concentrations in the endometrial shedding. Nonsteroidal anti-inflammatory drugs inhibit prostaglandin synthesis and decrease menstrual blood loss. NSAIDs are quite effective in cases of DUB compared to placebo, but they are less effective than either tranexamic acid, danazol, or levonorgestrel intrauterine system [20] .
Combined oral contraceptive pill
The combined oral contraceptive pill is another effective alternative treatment for DUB, offering at the same time contraception to women. It reduces menstrual blood loss, but there are not enough data to determine its value in comparison to other drugs [21, 22] . So it seems reasonable to offer a combined oral contraceptive pill (COC) in young women suffering from DUB who also seek for contraception at the same time.
Progestogens
The administration of progestogens for the treatment of anovulatory DUB was always a tempting alternative for physicians, in order to restore the natural cycle of endometrial growth and shedding. The oral luteal phase progestogens do not seem to be more advantageous over other hormonal medical treatments or levonorgestrel-releasing intrauterine device [23, 24] . A long-term administration of progestogen is sometimes followed by severe side effects, such as water retention and hirsutism, depending on the type and dose of progestagen.
Danazol-gonadotropin-releasing hormone analogues
Danazol and the GnRH analogues were found as highly effective agents for DUB compared to other medical treatments [25, 26] . However, the administration of danazol or GnRH-a is limited due to their strong side effects. Longterm administration of danazol may cause hirsutism while GnRH-a is associated with irreversible bone loss when used for more than 6 months. Thus, their utility is restricted mainly for short-term use, especially in cases of severe anemia, until further treatment is decided.
Levonorgestrel-releasing intrauterine device
Another medical method for the treatment of DUB is the levonorgestrel-releasing intrauterine system (Mirena®). It was originally developed as a contraceptive method [27] , but it has been proven quite effective in the treatment of DUB, so the device acquired approval for that indication too.
Its efficacy is based on the continuous local release of the progestogen (levonorgestrel) within the uterine cavity, which suppresses endometrial growth. Studies report reduction of blood loss in menstrual cycles up to 97%, with its maximum efficacy 1 year after insertion [24, [28] [29] [30] [31] . The majority of women with Mirena® bleed only for 1 day or experience just spotting during their period, while 15% of them become amenorrheic [31] .
There are two trials comparing levonorgestrel intrauterine device (IUD) with medical treatment, two trials to transcervical resection of the endometrium and three trials comparing Mirena® with balloon ablation [24] . Mirena® was found superior to cyclical progestogens and mefenamic acid, but is significantly less effective than endometrial ablation in reducing blood loss. Interestingly, levonorgestrel IUD was found more cost effective than hysterectomy in Hurskainen et al.'s trial. [32] .
Surgical treatment for dysfunctional uterine bleeding
In cases of DUB resistant to medical treatment, physicians should offer to women an alternative surgical treatment. In such patients, one could choose between endometrial ablation techniques and hysterectomy, taking into consideration patient's age, physical condition, and will.
Dilatation and curettage, which is offered as an alternative treatment option in women with excessive blood loss during menstrual periods, results in a temporary reduction of blood loss for the first month after the procedure, therefore it should not be proposed and performed in women suffering from DUB [33] .
Endometrial ablation techniques
Since Ashermann in 1948 [34] described for the first time the association between amenorrhea and dilatation and curettage for termination of pregnancies, several investigators have studied the possibility of a controlled destruction of the basal layer of the endometrium in order to treat abnormal uterine bleeding.
Several methods have been developed from the early 1980s for the ablation of the endometrium and have been studied in cohort studies and randomized controlled trials. Basically, all these methods are divided in two large groups with a criterion, the need of direct visualization of the endometrial cavity.
First-generation endometrial ablation techniques
First-generation endometrial ablation techniques are based on direct visualization of the endometrial cavity with a hysteroscope. Three methods were developed since the late 1980s, and their efficacy were studied and compared to other techniques by many investigators. Before the application of each technique, endometrial thinning was necessary by using GnRH-a or danazol.
Hysteroscopic laser ablation The first laser method was a neodymium-YAG laser, which destroyed the endometrium through a hysteroscope [35] . Observational studies have reported a satisfaction rate up to 97% and amenorrhea rates ranging between 25% and 60% after hysteroscopic laser ablation (HLA) ( Table 1) [36] [37] [38] [39] [40] . Failure rates varied between 7% and 21% in the same studies. There is only one prospective randomized trial comparing laser ablation with transcervical resection of the endometrium reporting 23% amenorrhea rate and 90% satisfaction rate [41] . Despite the promising results of its use, the equipment's high cost and extended learning curve remain obstacles for its wide application. Transcervical endometrial resection The wide use of a resectoscope in gynecological operations allowed its application as a method for treatment of DUB [42] . Transcervical endometrial resection (TCRE) has been shown to be an effective and safe method for treating DUB [43] . TCRE was tested in nonrandomized prospective studies, which reported a satisfaction rate between 85% and 87% and an amenorrhea rate varying up to 46% (Table 2 ) [44, 45] . TCRE is comparable to other hysteroscopic endometrial ablation techniques in terms of amenorrhea and satisfaction rates [46, 47] . Direct visualization of the endometrial cavity and the possibility of treating concomitant endometrial pathology at the time of endometrial ablation remain the major advantages of the method.
Rollerball endometrial ablation
The technique was developed in 1989 in Australia by Vancaillie [48] and soon became quite popular due to its relative simplicity and excellent results [49] (Table 3) . Studies report comparable results from its application to the other two first-generation ablation techniques (satisfaction rate up to 94% and amenorrhea rate varying between 29% and 35%) [46, 47] . Rollerball endometrial ablation requires less operative time and shorter learning curve compared to TCRE and HLA [47] . Studies evaluating first-generation ablation techniques revealed quite impressive results regarding their effectiveness, treating three fourths of the women suffering from DUB, who would otherwise proceed to hysterectomy in terms of definite treatment. They are acknowledged to be the "gold standard" by which other, newer procedures are judged [47] .
A large retrospective study, though, that was carried out in United Kingdom, caused great skepticism in the medical community. The Mistletoe study [50] reports on the complications of the application of first-generation endometrial ablation techniques and showed that all three methods are safe procedures for the treatment of DUB, with a complication rate of 4.4%. HLA and rollerball ablation are considered safer methods than TCRE, while resection of the endometrium caused more of the serious and possibly fatal complications, which include uterine perforation and bleeding, bowel injury, visceral burn, and hyponatremic encephalopathy with cerebral edema. In cases of performing any of these techniques by inadequate trained gynecologists, the failure rate rose significantly, while serious complication rates increased dramatically [51, 52] .
All these issues reported in the Mistletoe study triggered researchers and companies to offer new methods for the treatment of DUB.
Second-generation endometrial ablation techniques
Many endometrial ablation devices have been developed in the early 1990s for the treatment of DUB and categorized as second-generation ablation techniques. Their application did not require the use of a hysteroscope, so the advantage of a direct visualization of the endometrial cavity no longer existed. Therefore, endometrial biopsy prior to ablation is a mandatory prerequisite.
Every method consists of a different device which, by different means (hot liquid, laser, bipolar energy, ultrasound, microwaves, heating balloons, or cryoablation), causes selective destruction of the endometrial layer. These devices require less skills of the surgeon, as they are very simple to use, so the learning curve is smaller. The operation time is shorter, the anesthesia/analgesia can become minimal, and the complication rate is reduced, as all the devices have a self-control mechanism [53] .
In some of these techniques, a preoperative thinning of the endometrium with GnRH-a or danazol is not necessary, in contrast to all first-generation ablation techniques [54] . Thermal balloon endometrial ablation The technique consists of a balloon for insertion in the endometrial cavity and a generator. After insertion, the balloon is filled with hot liquid that causes a destructive thermal effect to the surrounding endometrium. There are several devices that are commercially available: Thermachoice®, Cavaterm®, Menotreat®, and Thermablate®. A preoperative preparation of the endometrium with GnRH-a is suggested, although this is not necessary. Thermachoice® was the first of the second-generation ablation technique, and its effectiveness has been evaluated intensively. After the application of Thermachoice®, a satisfaction rate is reported to be up to 90%, while the amenorrhea rate was up to 20% 1 year following treatment [55] . Following clinical evaluation of Thermachoice®, improved devices were introduced in 1998 (Thermachoice® II) and 2004 (Thermachoice® III). The efficacy of Thermachoice® III was evaluated and amenorrhea rates up to 32.6% were reported [56] . Thermachoice® has been compared to first-generation endometrial ablation techniques in several studies. Overall, the existing evidence suggests that success and satisfaction rates are equal, while the duration of surgery was significantly shorter with balloon [47] . Thermachoice® is one of the most safe endometrial ablation devices. According to MEDLINE and MAUDE databases, the complication rate of the method, including minor and major, is reported to be only 0.03% [57, 58] .
Cavaterm® is the second most often used device based on thermal balloon. Its application results seem slightly improved compared to Thermachoice® in nonrandomized studies (satisfaction rate varying between 91% and 96%, amenorrhea rate ranging between 15% and 68%, overall success rate of 92-98% and failure rate up to 7%) [55] . There are few randomized trials comparing Cavaterm® with first-and second-generation ablative techniques, showing no evidence of significant differences in the rates of amenorrhea at any follow-up time, from 6 months to 5 years after surgery [54] . There is just one limitation in the application of Cavaterm® in comparison to Thermachoice®; Cavaterm® cannot be used in women whose endometrial cavity length exceeds 10 cm, while Thermachoice® can be used even when endometrial cavity measures 12 cm.
The Menotreat® thermal balloon is similar to the Cavaterm® endometrial ablation system. There is only one small observational study in the literature regarding the effectiveness of this device reporting an amenorrhea rate of 10% at 1 year follow-up [59] , and just one small randomized control study comparing Menotreat® and Cavaterm® [60] , reporting amenorrhea rates up to 19% in the Menotreat® group and up to 13% in the Cavaterm® group.
The Thermablate® thermal balloon was developed in 2004, and since then, various authors have studied the application results of this device. Amenorrhea rate ranges between 22.2% and 35% with a failure rate varying between 3% and 5.5% [55] .
Endometrial ablation by hysteroscopic instillation of hot saline (hydrotherm ablator) This technique, although applied hysteroscopically, is categorized as a secondgeneration endometrial ablation technique. Externally heated saline of 90°C is infused into the uterine cavity through the external sheath of a diagnostic hysteroscope. The pressure used for the infusion is less than 45 mmHg, thus preventing flow through the fallopian tubes. Under direct hysteroscopic view, the hot saline causes ablation of the endometrium. The application experience of the method is tested in several observational studies and in one randomized controlled trial compared to rollerball. Amenorrhea rates are reported up to 53%, cure rate up to 94%, and satisfaction rate up to 98% [61] .
Microwave endometrial ablation (MEA®) Sharp et al. [62] first developed in 1995 the use of microwave energy for the treatment of abnormal uterine bleeding. Microwave energy of 9.2 GHz is generated in a magnetron and is applicated by a probe within the endometrial cavity. The ablation effect is achieved when the temperature in the uterus reaches 95°C. In the meantime, the surgeon moves the probe in all directions within the uterus, and therefore, successful ablation of the endometrial lining is achieved. A pretreatment preparation of the endometrium with GnRH-a or danazol is necessary. The microwave endometrial ablation system has been compared to first-generation ablative techniques (TCRE and rollerball) in randomized trials with similar results in terms of amenorrhea and satisfaction rates, even 10 years following surgery with low complication rates [47, 53, 63] . There is also one randomized controlled trial comparing MEA and thermal balloon ablation, showing similar results in relation to menstrual scores and satisfaction [64] .
Endometrial laser intrauterine thermal therapy (ELITT®)
The technique was developed by Donnez et al. in 1996 and causes endometrial ablation by laser photocoagulation [65] . Preparation of the endometrium prior to laser application is considered necessary. The technique has been evaluated in a prospective observational study. Satisfaction rate was reported up to 90% at 12 months after treatment, while amenorrhea rate was 71% [66] . There is only one randomized controlled trial comparing ELITT and TCRE, reporting at 12 months amenorrhea rates of 56% and 23%, respectively [67] .
Cryo-endometrial ablation (Her Option®) Endometrial ablation is achieved by a cooling gas, which achieves a temperature of −90 to −100°C within the endometrial cavity. The treatment has been evaluated in prospective observational studies with encouraging results (amenorrhea 28% and satisfaction up to 91%) [53] , while there is only one randomized trial comparing cryoablation and rollerball, showing no significance difference in terms of amenorrhea [47] .
Bipolar impedance controlled endometrial ablation (Novasure®) The device consists of a radio frequency generator and a single-use bipolar ablation probe. The probe consists of a three-dimensional expandable bipolar electrode, which comes in touch with the entire endometrial cavity, when opened. There is also a vacuum pump within the generator, which provides continuous suction of the endometrial lining and debris; therefore, preoperative preparation of the endometrium is not generally needed. The generator operates at 500 KHz and has a power cutoff limit of 50 Ω of tissue impedance. Once the myometrial layer is reached, immediately the tissue impedance increases to 50 Ω, and the generator automatically switches off.
This method has been evaluated in prospective observational studies and women reported a satisfaction rate of up to 87%, an amenorrhea rate of up to 58%, and a failure rate of up to 3% 1 year after treatment, while amenorrhea rate at 3 years postablation reported to be 65% [68] . At 5 years following treatment, women report an impressive amenorrhea rate of 75%, while the study reveals an overall success of the method up to 98% [68] . There is one clinical trial comparing Novasure® with combined loop excision plus rollerball ablation, reporting an amenorrhea rate of 41% and a satisfaction rate of 93% in the Novasure® arm, compared with 35% and 94%, respectively in the rollerball arm [69] . Novasure® has been compared in prospective randomized controlled trials with other second-generation ablation techniques. In the Novasure® versus the Cavaterm® trial, at 1 year follow-up, an amenorrhea rate of 43% was reported for Novasure® compared with Cavaterm® [70] . In the Novasure® versus Thermachoice® trial, an amenorrhea rate of 56% in the Novasure® arm was reported 12 months after the ablation [71] , while the overall cost, including re-treatment in the balloon ablation group is lower [72] .
Despite the safety features of the device, Della Badia et al. [73] reported a high number of complications caused by Novasure® in comparison to other ablation devices, a feature that caused great skepticism in the medical community.
Hysterectomy
Hysterectomy is the only method that guarantees permanent treatment of DUB and 100% amenorrhea rates. It is a major operation, performed either by laparotomy, laparoscopy, or vaginally [74] , with associated morbidity and even mortality that requires hospitalization for a few days and several weeks for full recovery. TCRE or ablation is an effective and possibly cheaper alternative to hysterectomy with faster recovery although re-treatment is sometimes needed [75] . The CREST study on the complication rate for minor and major operations, reports a 25% complication rate for vaginal hysterectomy and a 43% for abdominal hysterectomy [76] . The VALUE study confirmed that more than 10% of women treated by hysterectomy for DUB reported immediate or long-term complications [77] . These complication rates are significantly higher than those of firstgeneration endometrial ablation techniques. Despite this fact, the satisfaction rate remains higher in women treated with hysterectomy, so does quality of life [75] .
Conclusions
DUB is a common problem in women of reproductive age with serious impact on their personal and social life. Treatment options vary among medical, levonorgestrel intrauterine device, first-and second-generation endometrial ablation techniques and hysterectomy.
Tranexamic acid is the most effective treatment in cases of DUB. NSAIDs and COC pills may be used as secondline drugs, the latter especially in cases of young women who also seek for contraception. Levonorgestrel releasing intrauterine device is a low-cost, simple, and quite effective medical method for the treatment of DYB, comparable to hysterectomy in terms of quality of life [78] . Firstgeneration endometrial ablation techniques have been evaluated thoroughly in randomized controlled trials and found impressively effective in terms of blood loss and satisfaction, compared to hysterectomy. Second-generation endometrial ablation devices have been compared intensively to first-generation techniques in randomized controlled trials and found to have equivalent results in terms of definite blood loss, satisfaction, and effect on quality of life [47, 53] . Prospective randomized clinical trials comparing hysterectomy to second-generation ablation devices are needed to establish the effectiveness of these two treatment options. Surprisingly, there is a lack of RCTs between second-generation ablation devices. This may be partly due to the differences between the devices regarding their ability to treat women with concomitant uterine pathology and not just DUB. However, it seems more likely that there is a commercial resistance in comparing devices due to the possible effect on the market share that these trials could provoke.
It seems that none of the treatment options is significantly superior to the others, in terms of satisfaction, amenorrhea, failure, and complication rate. The role of the physician in counseling the patient is crucial in order to reach the abovementioned goals. Gynecologists should inform women suffering from DUB regarding all treatment options, published application results, and of course their complication rates. This way, every patient can participate in the decision-making process and provide a definite and mature consent, even accept a possible failure of the method [79] [80] [81] [82] [83] . Furthermore, the patient should be informed that contraception should be recommended in cases of not achieving permanent amenorrhea after endometrial ablation.
In conclusion, since none of the treatments for DUB is significantly superior to another, and all methods have their advantages and disadvantages, proper counseling of each woman suffering from DUB regarding all treatment modalities can provide the best choice for each patient. The only way forward is to perform well-designed clinical trials on the subject in order to reach definite conclusions on the effectiveness of all the treatment modalities.
